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ABSTRACT 
This project investigates the synthetic pathway to develop a polyethylene glycol – 
trifluoromethyl sulfonamide compound to be used as an electrolyte in a proton exchange 
membrane fuel cell. The inspiration to develop a trifluoromethyl sulfonamide compound 
tethered to a polyethylene glycol polymer was inspired by the work of David P. Siska and 
D. F. Shriver in their studies of polysiloxane – trifluoromethyl sulfonamide electrolytes. 
In this thesis, I have developed the synthesis of MePEG7-Trifluoromethyl 
sulfonamide (MePEG7-NHSO2CF3) from monomethylpolyethylene glycol (MePEG7OH). 
Unfortunately, due to the COVID-19 pandemic, I was unable to complete the depronation 
and ion-exchange to the Li+ and H+ forms of MePEG7-NSO2CF3
- anion. I would have 
then measured the ionic conductivity of these two species.  
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INTRODUCTION  
Energy Crisis and Climate Change: 
 As humans, we face a vague future in regard to our climate, ecosystems, and 
personal health due to the warming of the Earth. There are multiple theories as to why 
our planet is warming, but the majority of the scientific community agrees that humans 
are the main contributor. Our climate’s ability to foster life can be attributed to 
greenhouse gases such as water vapor, carbon dioxide, methane, nitrous oxides, and 
ozone. These gases existed at the beginning of life as we know it and allow the surface of 
the earth to remain around 14 °C instead of what it would be without them, -19 °C, which 
would not sustain life. Though, now through human factors, there has been an increase of 
greenhouse gases in our atmosphere (1).  
 As of January, this year, there is a carbon dioxide concentration of 413 ppm in our 
atmosphere (2) and these levels surpass the highest previous concentration in history of 
300 ppm roughly 350,000 years ago. The increase in the level of carbon dioxide can be 
related to burning of fossil fuels, such as coal and oil, for energy use. In the atmosphere 
carbon dioxide absorbs and then radiates heat back onto the surface of the Earth. Though 
some may see the release of carbon dioxide into the atmosphere primarily comes from 
industrial applications, this line of thinking is incorrect (3). Normal passenger vehicles 
emit around 4.6 metric tons of carbon dioxide a year, individually (4). 
 Additional to carbon dioxide’s effect on the warming of the Earth, it is also 
causing ocean acidification. Roughly a quarter of the carbon dioxide released into the 
atmosphere is absorbed into our oceans each year (5). This absorption of carbon dioxide 
causes the ocean’s pH to decrease and causes the calcium carbonate concentration to 
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decrease as well. Calcium carbonate is an essential building block for skeletons of shelled 
organisms, thus removing the primary structural material source for most of ocean 
dwelling organisms. This effect of our population’s release of greenhouse gases has only 
been studied recently but will have a lasting impact on our ocean life and those who 
depend on it for work.  
  Other impacts of our Earth’s warming will impact our population immensely as 
well. Droughts are becoming more common and are causing problems for our access to 
water. As we have less water and more warming, food sources are set to become scarcer 
and will continually affect how we are able to feed ourselves. As our Earth continues to 
warm, the ice caps in the extreme poles will face more melting and are expected to cause 
our sea levels to rise affecting those living in coastal areas.  
Fuel cells overview and applications: 
 With climate change caused by human made emissions bringing about 
unprecedented changes to our futures, society must investigate alternative fuel sources. 
Specific to this thesis, fuel cells serve as a beacon of hope to reducing our greenhouse gas 
emissions. Though fuel cells were originally invented in the 19th century by Sir William 
Grove, their advancement throughout history as a fuel source has lagged behind others. 
As we move forward into the future, fuel cells will need to be investigated in order to 
provide cleaner energy sources that can be used from portable to industrial scales.  
 Instead of burning fuel to generate power, fuel cells work by undergoing a 
chemical process to convert a hydrogen fuel into electricity. As long as hydrogen fuel 
sources are provided, fuel cells can run without having to be recharged and they do not 
release toxic gases into our atmosphere. There are three components to fuel cells: an 
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anode (electrode), cathode (oxidant electrode), and an electrolyte membrane between the 
two electrodes. Commonly fuel cells are covered with a catalyst of platinum, which can 
be very expensive. The overall reaction of a fuel cell is shown in the figure below as 
electrical work, heat, and water are produced as hydrogen travels from the anode through 
the electrolyte to the cathode where hydrogen ions react with supplied oxygen to form 
water. Many fuel cell electrolytes must be researched in order to bring their cost down so 
that we can mitigate the environmental damage being done by our current energy 
production sources.  
O2 (g) +4 H
+ (g) + 4 e- → 4 H2O (l)     E0 = +1.23 V 
2 H2 (g) → 4 H+ (g) + 4 e-    E0 = -0 V 
2 H2 (g) + O2 (g) → 2 H2O (l)                    E0 = +1.23 V 
 
Figure 1. Proton Exchange Membrane Fuel Cell with corresponding chemical reaction. 
Adapted from the Royal Society of Chemistry (6) 
 
Fuel cells can be characterized by the electrolyte that is used within the apparatus. 
Another type of characteristic used to differentiate between fuel cells is the temperature 
at which the cell operates; either high or low.  
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Steam Reforming of Methane to produce Hydrogen. 
The Water-gas Shift reaction is typically used to produce H2 gas industrially. This 
reaction uses methane (CH4) from natural gas and water in the form of steam at high 
temperature. This method efficiently produces Hydrogen gas from Natural Gas, but the 
disadvantage is that Carbon Monoxide is an intermediate, and is difficult to completely 
remove from the resulting Hydrogen gas. Thus, most industrially made Hydrogen gas 
contains measurable amounts of carbon monoxide. 
CH4 (g) + H2O (g) → CO (g) + 3H2 (g) H = +209 kJ/mol 
CO (g) + H2O (g) → CO2 (g) + H2 (g) H = –41 kJ/mol 
CH4 (g) + 2H2O (g) → CO2 (g) + 4H2 (g) H = –168 kJ/mol 
 
Figure 2. Water-gas Shift chemical reaction. 
Alkaline Fuel Cells. 
One of the most discussed and studied fuel cell types is the alkaline fuel cell. This 
type of fuel cell has a very efficient Oxygen Reduction Reaction but has the drawback of 
only work reliably with pure oxygen, which is much more expensive and inconvenient 
that using air. Power is produced in this cell through redox reactions at the anode and 
cathode. Alkaline fuel cells utilize an aqueous solution of potassium hydroxide as their 
electrolyte. Both the anode and cathode materials include a Polytetrafluoroethylene 
powder along with graphite powder. The Hydrogen gas is oxidized at the anode, and 
reduced at the cathode. Electricity is generated as the reaction consumes a molecule of 
oxygen at the cathode, and two hydrogen molecules at the anode. The four hydrogen ions 
flow through the electrolyte from the anode to the cathode. Electrical current flows 
through an external circuit from the cathode to the anode. Two molecules of water are 
formed at the cathode as the hydrogen ions are recombined with oxygen gas. Alkaline 
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fuel cells are seen by some as the most advantageous type of fuel cell for use and 
research, but they are expensive and can become ruined by non-pure gas in the fuel cell 
causing structural breakdown (7).  
Solid Oxide Fuel Cells. 
Another form of fuel cell is the solid oxide fuel cell. This form of fuel cell was 
conceived following the discovery of solid oxide electrolytes in 1899. Solid oxide fuel 
cells can possess high conductivities only at high temperatures. The electrolyte used in a 
solid oxide fuel cell is a solid ceramic that conducts oxygen ions toward the anode. The 
electrolyte used in these fuel cells is yttria-stabilized zirconia and is completely non-
porous to prevent mixing of the fuel and oxidant gas. The cathode used is a strontium-
doped lanthanum manganite while the anode is a mixed nickel/yttria-stabilized zirconia 
cement. Commonly, these fuel cells operate at a temperature around 800-1000 °C. The 
high operating temperature of these fuel cells comes with consequences as cell failure 
and the need for expensive external fuel reformers as it uses natural gas as fuel. Though it 
has its consequences, the exhaust heat produced through this reaction can be used for 
driving a secondary, turbine energy production system to further capture useful work. 
Additionally, these fuel cells are not sensitive to carbon monoxide poisoning because the 
catalyst are typically not sensitive to CO at the elevated temperatures in a SOFC. Solid 
oxide fuel cell technology have potential for stationary power sources, but without 
figuring out how to reduce the elevated operating temperature they will not be useful for 
transport or small-scale operations (8).  
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Phosphoric Acid Fuel Cells. 
Phosphoric acid fuel cells have been used readily in the developed world since the 
1970s and power roughly 500 power plants worldwide. These fuel cells rely on an 
inorganic acid, phosphoric acid, electrolyte that conducts protons towards the cathode. 
The anode and cathode consist of Polytetrafluoroethylene bonded to platinum and carbon. 
Typically, phosphoric acid fuel cells operate at a relatively low temperature range of 150-
200 °C. High reliability and efficiency mark the characteristics that have made 
phosphoric acid fuel cells a common energy generator throughout the world. Though 
promising for building applications, the phosphoric acid fuel cell does not show promise 
to be used in the transportation industry as they require a large load of platinum resulting 
in an expensive price and a heavy weight (9).  
Molten Carbonate Fuel Cells.  
Molten carbonate fuel cells are being studied around the world as another 
potential suitor for fuel cell energy production applications. The electrolyte used in these 
fuel cells is a molten carbonate salt, usually being lithium carbonate, potassium 
carbonate, or sodium carbonate. These fuel cells operate in a relatively-high temperature 
range usually around 650 °C, which is typically less than a SOFC. Along with solid oxide 
fuel cells, molten carbonate fuel cells do not face the risk of carbon monoxide poisoning 
and do not need external hydrogen reformers. These fuel cells do face the disadvantage of 
being corroded due to their high operating temperature. Moving forward, molten 
carbonate fuel cells offer a strong replacement for fuel cells in large power stations to 
generate electricity for large municipal areas (10).  
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Proton Exchange Membrane Fuel Cells. 
The fuel cell electrolyte being developed in this project is to be used in a proton 
exchange membrane fuel cell. These fuel cells use a proton-conducting polymer as their 
electrolyte and can operate from a range of 85 to 105 °C which ranks it as a low 
temperature fuel cell. Operating at low temperatures is an easily distinguishable 
advantage of proton exchange membrane fuel cells, as it reduces the loss of heat in the 
cell (11). Researchers are looking into creating a proton exchange membrane with high 
proton conductivity, low electronic conductivity, thermal stability, and low cost (12). 
The electrolyte used in PEM fuel cells is a water-based, acidic polymer membrane 
with platinum-based electrodes. Proton exchange membrane fuel cells have the 
opportunity to disrupt current energy sources in multiple industries. With their low 
operating temperature and light weight, these fuel cells are primed to power personal cars 
in the future. If cars powered by proton exchange membrane fuel cells are brought into 
the market, the amount of carbon dioxide released into our atmosphere will drastically 
decrease. Additionally, these fuel cells can be used for portable power applications and 
can even be scaled up to large power systems for buildings or area use. Though these 
prospects are promising for the future of fuel cell use, more research is needed to be able 
to economically integrate them to society’s power production (13). 
Bis-Trifluoromethyl Sulfonamide. 
 Discovered by the work of David P. Siska and D. F. Shriver, trifluoromethyl 
sulfonamide anion (CF3SO2-N-SO2CF3)
- is a very weakly coordinating anion that allows 
lithium-ion conducting systems to show high ionic conductivities. Weakly coordinating 
anions allow for charges to be spread about the surface of a whole anion instead of being 
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localized in a specific atom. In the bis-trifluoromethyl sulfonamide ion, there is a formal 
negative charge on the central nitrogen atom, but the very strongly electron withdrawing 
trifluoromethyl sulfonamides help to spread out this negative charge across the whole 
molecule. Applying this weakly coordinating property over a large polymeric compound 
would suggest that the ability for charge to be delocalized would be increased to the 
entire polymer (14). This characteristic seemingly would allow for ions to flow through 
efficiently, giving thought to testing this compound for use as an electrolyte in a lithium-
ion conducting electrolyte for a battery, or even possibly as a H+ ion conducting species 
in a proton exchange membrane fuel cell.  
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EXPERIMENTAL 
Synthesis of Me-PEG7 Trifluoromethyl Sulfonamide: 
Bromination of MePEG7OH: 
 Starting with Monomethylpolyethylene glycol MW=350 g/mol (MePEG7OH) 
has, on average, 7.2 repeating ethylene glycol units. This material is a relatively viscous 
PEG based material. We chose this for our reactions because of its low cost, and ease of 
use. We dried this material in a vacuum oven for 24 hours at 50°C prior to use. 
20.06 g of MePEG7OH was placed in a round bottom flask under dry nitrogen. 30 
mL of dry diethyl ether was added by syringe as a solvent for the reaction. (Scheme 1, 
reaction 1 see below) 20.06  mL of a 2.07 M solution of PBr3 in dry CH2Cl2
 (0.5 
equivalents) was added dropwise to the solution of MePEG7OH by a syringe. The 
reaction flask was stirred overnight following the addition of PBr3.  
The reaction was extracted using 50 mL dichloromethane and 50mL water, with 
three rounds of dichloromethane extraction. The organic phases were combined and dried 
over Na2SO4 and the dichloromethane was removed using rotary evaporation. The 
product, MePEG7Br was recovered yielding 17.04 g (84.9% yield). The structure of the 
product MePEG7Br was confirmed using 
1H and 13C NMR readings. 1H-NMR peaks 
were at 3.36 ppm (s), 3.67 ppm (q), and 3.81 ppm (t). 13C-NMR peaks were at 30.33 ppm 
(s), 59.05 ppm (s), and 70.60 ppm (q).  
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Figure 3. Reaction Scheme 1. 
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Synthesis of primary amine through Gabriel Synthesis: 
 Once MePEG7Br was confirmed with 
1H and 13C NMR, the alkyl bromide 
functional group needed to be converted to an amine group (Scheme 1, reaction 2). In 
order to achieve this, we followed a Gabriel synthesis procedure (15).  
8.57 g of MePEG7Br  was added into a round bottom flask along with a stir bar. 
Potassium phthalimide was used, so there was no need to depronate the phthalimide. 
4.816 g of potassium phthalimide was added to the MePEG7-Br at 1.25 molar excess, and 
the reaction took place in a heating well set at 50 °C for 3 hours. The round bottom flask 
was removed from the heating well and allowed to stir for 24 hours. The percent yield of 
MePEG7-phthalimide was 98.3%. The addition of phthalimide was confirmed using 
1H 
and 13C NMR. The 1H-NMR peaks were at 3.52 ppm (d), 3.62 (q), and 7.85 (q). 13C-
NMR peaks were at 37.27 ppm (s), 59.04 ppm (s), 70.56 ppm (q), 123.58 ppm (d), 
133.94 ppm (d), and 168.27 ppm (s). 
 Following the addition of phthalimide to MePEG7 was base hydrolysis (Scheme 
1, reaction 3). In order to hydrolyze the phthalimide completely, 100 mL of 4 M 
potassium hydroxide solution was used. The potassium hydroxide was added to the 
MePEG7-phthalimide solution in a round bottom flask and heated to 50 °C and stirred for 
24 hours. Once the hydrolysis was completed, MePEG7-NH2 was extracted using 50 mL 
of dichloromethane and 50 mL of water with three rounds of dichloromethane extraction. 
Previous attempts at extracting MePEG7-NH2 were unsuccessful, due to low product 
yields. Upon investigation it was found that the product was staying in the aqueous layer 
during extraction as water was being used in conjunction with the dichloromethane, this 
was confirmed as the aqueous layer proved to be extremely basic as it contained the KOH 
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and MePEG7-NH2. This procedure was changed to use three rounds of 100 mL 
dichloromethane, and no water, during the extraction, which proved to work effectively 
at producing a usable yield of MePEG7-NH2. Once extracted, the product was dried over 
MgSO4. The percent yield of MePEG7-NH2 using the modified extraction method was 
78%. The dichloromethane was removed using rotary evaporation and the amine attached 
to the MePEG was confirmed using 1H and 13C NMR. The 1H-NMR peaks were at 3.31 
ppm (d), 3.56 ppm (q), and 5.24 ppm (s). The 13C-NMR peaks were at 41 ppm (s), 61.72 
ppm (s), and 70.52 ppm (q). 
Formation of the trifluoromethyl sulfonamide: 
 1.00 g of MePEG7-NH2 was placed in a round bottom flask along with 1.5 molar 
equivalence of triethylamine (3.00 g) in 30 mL of dry dichloromethane, this served as the 
reaction flask for this procedure. In 10mL of dry dichloromethane a 1.2 molar 
equivalence of triflic anhydride (0.80 g) was dissolved (CAUTION) for safety as the 
compound is highly reactive with water and exhibits a strong exothermic reaction with 
atmospheric water. The solution of dichloromethane, MePEG7-NH2 and triethylamine 
was capped with a yellow pop-off cap, and stirred in the fume hood for 10 minutes before 
the addition of the dry dichloromethane solution containing triflic anhydride. Though not 
utilized for this reaction due to its small scale, future trials containing larger amounts of 
triflic anhydride should added to a reaction flask in an ice bath due to the exothermic 
nature of the reaction. The solution of triflic anhydride and dry dichloromethane was 
added dropwise to the reaction flask and stirred for 4 hours (Scheme 1, Reaction 4). The 
reaction between the triflic anhydride and MePEG7-NH2 was locally exothermic and 
produced a gaseous biproduct, but the reaction flask did not increase in temperature. The 
solution turned dark brown as the reaction occurred, likely due to the creation of an 
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oxidized amine product. Following the reaction, the solutions volatiles were removed 
under reduced pressure in a rotovap apparatus. Subsequently after the removal of 
volatiles, the solution was washed with 4M NaOH and extracted with dichloromethane 
three times. After this extraction, the aqueous layer of the extraction was neutralized with 
HCl until the pH fell below a level of 7 and extracted again three times with 
dichloromethane. The extracted product was dried with MgSO4 and the dichloromethane 
was removed under a rotovap apparatus. The percent yield of this product was not 
confirmed, as not all of the product was extracted prior to being unable to return to lab 
due to the Coronavirus pandemic. The final product was examined using 1H and 13C 
NMR readings. The 1H-NMR peaks were at 3.34 ppm (d), 3.68 ppm (t), and 7.26 ppm 
(s). The 13C peaks were at 53.45 ppm (s), 59.93 ppm (s), 77.05 ppm (q), and 151.45 ppm 
(s).  
Ion-exchange chromatography 
 Though this step was not completed due to the closure of campus, this would have 
proven to be necessary in order to test conductivity of my final product. Along with 
MePEG-Trifluoromethyl sulfonamide, the synthesis also created 
trifluoromethanesulfonic acid (CF3SO2H). During the extraction, only MePEG-
Trifluoromethyl sulfonamide and Na+ were extracted as the triflate from 
trifluoromethanesulfonic acid should have stayed in the aqueous layer.  
 In order to successfully test the conductivity, the Na+ ion would have had to been 
changed to Li+ or H+ ions. The procedure that would have been completed is as follows. 
For an H+ product: 200 mL of H2SO4 would have been washed through an ion-exchange 
chromatography column in order to exchange the positively charged cations for H+ ions. 
While for a Li+ product, a similar LiCl solution would have been used. Then 1 L of 
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distilled water would be washed through the column in order to remove excess H2SO4. A 
water solution of MePEG7-trifluoromethyl sulfonamide would have been washed through 
the column in order to exchange the Na+ ions for H+ ions.  
NMR Measurements: 
NMR measurements were taken using a Bruker 300 MHz system. Samples were 
loaded into an NMR tube along with a CHCl3 solvent and readings of both 
1H and 13C 
spectrums were taken and recorded.  
AC-Impedance Spectroscopy: 
Though this step was not completed due to the Coronavirus pandemic, 
conductivity measurements would have been taken of the MePEG-Trifluoromethyl 
sulfonamide final product in order to establish its viability as an electrolyte for use in a 
proton exchange membrane fuel cell. The conductivity measurements would have used a 
PAR 283 potentiostat with a Perkin-Elmer 5210 lock-in amplifier inside of a Faraday 
cage. The MePEG trifluoromethyl sulfonamide sample would have been loaded onto an 
electrode and trials would have been run from 1 kHz to 100 KHz frequencies. 
Conductivity would have been derived from a Nyquist plot generated by a computer 
software called Power Suite. In order to get the conductivity values, the semicircles 
generated by the AC-impedance data would have their diameter measured as the 
resistance of the material; this resistance would have been inversed and divided by the 
geometrical factor of the electrode to determine conductivity.  
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RESULTS AND DISCUSSION 
Synthesis 
All simulated spectra described in this thesis were produced by Cambridgesoft 
ChemBioDraw version 12, 2010. 
 
Reaction 1: MePEG7-OH to MePEG7-Br 
The synthesis of MePEG7-Br from MePEG7-OH is confirmed in figure 11 by the 
disappearance of the terminal -CH2OH peak of MePEG7OH at 62 ppm, and the 
appearance of the terminal Carbon-Bromide (-CH2Br) peak in the 
13C NMR spectra at 
30.33 ppm. This reaction was challenging as the addition of PBr3 dropwise with the use 
of a syringe under a nitrogen positive pressure was an unknown method to me. After 
multiple attempts at this synthesis to create more MePEG7-Br in order to successfully 
complete my synthetic process, it became much easier.  
 
Figure 4. Simulated 1H-NMR spectra of monomethyltriethylene glycol (MePEG3OH). 
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Figure 5. Simulated 13C-NMR spectra of monomethyltriethylene glycol (MePEG3OH). 
 
Figure 6. 1H-NMR spectra of monomethylpolyethylene glycol (MePEG7OH). 
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Figure 7. 13C-NMR spectra of monomethylpolyethylene glycol (MePEG7OH).
 
Figure 8. Simulated 1H-NMR spectra of monomethyltriethylene glycol bromide 
(MePEG3Br).  
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Figure 9. Simulated 13C-NMR spectra of monomethyltriethylene glycol bromide 
(MePEG3Br). 
 
Figure 10. 1H-NMR spectra of monomethylpolyethylene glycol bromide (MePEG7Br). 
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Figure 11. 13C-NMR spectra of monomethylpolyethylene glycol bromide (MePEG7Br). 
Reaction 2: MePEG7-Br to MePEG7-Phthalimide 
The attachment of the phthalimide group to the MePEG7 polymer is shown in 
figure 14 in the appearance of aromatic peaks around 7.8 ppm in the 1H-NMR. 
Additionally, the attachment of the phthalimide group is indicated by the appearance of 
the peak at 37.77 in the 13C NMR shown in figure 15. This reaction went smoothly each 
time it was run. The potassium phthalimide tended to concentrate around the stir bar in 
the reaction flask, but was easily removed during the extraction with dichloromethane.   
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Figure 12. Simulated 1H-NMR spectra of monomethyltriethylene glycol phthalimide 
(MePEG3C8H5O2N) 
 
Figure 13. Simulated 13C-NMR spectra of monomethyltriethylene glycol phthalimide 
(MePEG3C8H5O2N) 
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Figure 14. 1H-NMR spectra of monomethylpolyethylene glycol phthalimide 
(MePEG7C8H5O2N) 
 
Figure 15. 13C-NMR spectra of monomethylpolyethylene glycol phthalimide 
(MePEG7C8H5O2N) 
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Reaction 3: MePEG7-Phthalimide to MePEG7-NH2 
An amine was successfully added to the MePEG7 polymer and can be indicated 
by the appearance of the amine peak in the 1H-NMR at 5.24 ppm in figure 18. The 13C-
NMR seen in figure 19 does not definitively indicate an amine peak around 41.6 ppm as 
indicated in the spectrum estimator, but after concentrated samples were run in the NMR 
a peak can be seen around 41 ppm if closely inspected. This reaction proved to be the 
most difficult throughout the synthesis due to complications during the extraction step. 
Though all of the other compounds were successfully removed with dichloromethane and 
water, the MePEG7-NH2 consistently produced a small yield. Eventually I decided to test 
the pH of the aqueous layer in my separatory funnel after extraction to find that it was 
extremely basic with a pH of 12. This was due to the amine causing the compound to 
remain within the aqueous layer and not being extracted. The low yield was corrected by 
using only dichloromethane during the extraction, which provided a successful 
extraction. 
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Figure 16. Simulated 1H-NMR spectra of monomethyltriethylene glycol amide 
(MePEG3NH2) 
 
Figure 17. Simulated 13C-NMR spectra of monomethyltriethylene glycol amide 
(MePEG3NH2) 
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Figure 18. 1H-NMR spectra of monomethylpolyethylene glycol amide (MePEG7NH2) 
 
 
Figure 19. 13C-NMR spectra of monomethylpolyethylene glycol amide (MePEG7NH2) 
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Reaction 4: MePEG7-NH2 to MePEG7-trifluoromethyl sulfonamide 
Following the reaction of triflic anhydride with the amine group on the 
MePEG7NH2 polymer, the final product was successfully synthesized. In figure 22, there 
is a definitive peak at 7.26 on the 1H NMR spectrum indicating the successful addition of 
the trifluoromethyl sulfonamide group. Likewise, in figure 23 the addition of the 
trifluoromethyl sulfonamide group is shown in the appearance of the peak at 151.45 ppm 
in the 13C spectrum. Though this is lower than the expected peak at 161.9 ppm, likely due 
to the sulfone group present, it still indicates a successful synthesis when paired with the 
1H spectrum in figure 22.  
  This reaction proved to be difficult due to the necessary careful handling of 
triflic anhydride, which was counteracted by combining it with dry dichloromethane in 
order to combat the triflic anhydride’s dangerous interactions with any type of water 
moisture. The combination of triflic anhydride to MePEG-NH2 resulted in a highly 
exothermic reaction and was carried out dropwise in order to reduce the heat released as 
the reaction was underway.  
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Figure 20. Simulated 1H-NMR spectra of monomethytriethylene glycol trifluoromethyl 
sulfonamide (MePEG3NHSO2CF3). 
 
Figure 21. Simulated 13C-NMR spectra of monomethytriethylene glycol trifluoromethyl 
sulfonamide (MePEG3NHSO2CF3). 
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Figure 22. 1H-NMR spectra of monomethylpolyethylene glycol trifluoromethyl 
sulfonamide (MePEG7NHSO2CF3). 
 
Figure 23. 13C-NMR spectra of monomethylpolyethylene glycol trifluoromethyl 
sulfonamide (MePEG7NHSO2CF3). 
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Ionic Conductivity Measurements. 
 Due to the impact of the coronavirus pandemic, I was unable to test my final 
product for its use in a fuel cell. Though this is disappointing, the successful synthesis of 
MePEG7-Trifluromethyl sulfonamide can be replicated through the methods described in 
the experimental portion of this thesis and tested against other materials to be used in 
proton exchange membrane fuel cells for comparative purposes.  
 Had I been able to prepare this material, I would have used AC-impedance 
spectroscopy to measure the ionic conductivity of both the Li+ and H+ versions of the 
MePEG7NSO2CF3
- electrolyte. We would have been very interested to compare the ionic 
conductivity of this material to the previously synthesized and published Sulfonic Acid 
versions of this polymer (MePEG7SO3H and MePEG7SO3
-Li+). Additionally, we were 
interested to measure the dissociation of the sulfonic acid in the electrolyte, as previous 
experiments in our laboratory have shown that sulfonic acid behaves as a weak acid the 
polymer electrolyte. 
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CONCLUSIONS 
 The synthesis of MePEG7-Trifluoromethyl sulfonamide was successfully 
completed through the procedure developed in the course of my thesis research. 
Unfortunately, I had finalized my procedure right before spring break and was unable to 
return to the lab to complete my ion-exchange procedure and test the ionic conductivity 
of the product.  
 Aside from the unfortunate circumstances surrounding the testing of MePEG7-
trifluoromethyl sulfonamide for its viability to be used as an electrolyte in a proton 
exchange membrane fuel cell, I do believe that the procedure developed in this thesis can 
be replicated in order to further this research. Fuel cells do hold to capability to provide 
an efficient, clean energy source for our future as long as further research is undergone.  
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